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Introduction — LHC and ATLAS upgrade schedule
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We Are Herel! Muon Detector LAr Calorimeter

ATLAS Main Upgrades

* Phase-0: Insertable B-Layer (IBL) in LS1

e Phase-1: Muon New Small Wheels
(Kawamoto, T., et al., New Small Wheel
TDR, 2013), Calorimeter trigger, Fast Tracker

* Phase-2: New Inner Tracker, New Trigger
architecture, Muon Spectrometer
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Introduction — ATLAS Muon New Small Wheel Upgrade

Thin-gap chambers (TGC)

Cathode strip chambers (CSC)
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Introduction — ATLAS Muon New Small Wheel Upgrade

Thin-gap chambers (TGC)

Cathode strip chambers (CSC)
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| S ! upgrade: The NSW will provide on-line
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Introduction — ATLAS Muon New Small Wheel Upgrade

** NSW Detector Technologies:

O Micromesh Gaseous Structure Detector, Micromegas (MM)

A Small-strip Thin Gap Chamber (sTGC)

1 sector . sTGC wedge STGC wedge -
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MM quadruplets
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o / \.\ A\ \‘1‘ 1 t
— ‘ MM quadruplets MM
) Spacer Pad /
Readout channels: sTGC
e MM: ~ 2.1 M
« STGC: 280k (strip) + 46k e .

(pads) + 28k (wires)

Resistive

b4 , -EETE—' Cathode
% Both detector technologies to be used for |

Insulator (0.1 mm)

trigger and tracking. Independency data paths.fy Strp (pitch 3.2 mm)

& Ensure redundancy over next ~20 yrs with very limited access!
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NSW Trigger and Readout Complex
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NSW ASICs

% Four ASICs will be developed for the NSW Trigger and Readout Chain

 VMM: Front-end amplifier, shaper and discrimination chip with digital readout and
LO* matching capabilities

(*ATLAS TDAQ introduces two level hardware based trigger for HL-LHC runs. LO
provides lowest level trigger up to 1 MHz)

« TDS (Trigger Data Serializer): pre-L1 trigger, prepares trigger data for sTGC

* ART (Address in Real Time): prepares trigger data for Micromegas
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NSW ASICs: VMM

: 64 channels

VMM3 pre-production

i 2015-16
‘Ib_ L : il
. e 10M FETs

shaper peak : (160k/ch.)
|
time -
[, E=m T T
[ trim | | addr. | 5
eglsters : . i .
| pulser H bias H DAC Htemp HGray count|registers I— _ POIarlty Posmve/negatlve
[prompt] lo8ic| < Zin 50-75 Ohm
== SDI,SDO
‘:’bif:dl:ftf\%s T L2V EMos e Gain 0.5-16 mV/fC
* Lower-power amplifier followed by 3 shaper with Peaking time  25-200 ns
complex conjugate poles in Delayed Dissipative Shaper Unipolar bipolar

Feedback. Selectable gain and peaking time. Shaper order 31 cc

* Three lower-power ADCs per channel for charge and TAC 60-650 ns
time measurements: both trigger (6-bit charge and  Tjpe <1ns
timing pulses) and readout (10bit charge)outputs resolution

* Readout: buffer up to 64 events, LO matching FOLS 10mW/channel
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NSW ASICs: TDS for sTGC Triggering

** Impossible to send out all charge data from ‘ ,G
. . ) yads a 9
300k sTGC strips for triggering. e il S g R

. /
% TDS ASIC preselect a band of strips under . -
i ) . . ) ] strip outer Il S | | Sector |
a pad “ROI" for Level-1 triggering v ROWET [{tigger Processor| | Logic

“* Main specifications: sTGC Quadruplet
C T T 1
r

| |
Y

* Two modes: strip/pad

Pad

* 128 channels w/ individual programmable )
delay (pad-mode only)

Logdical [pad

Strip band
(~13 strips)

HE
* Qutput data rate: 4.8 Gbps. Trigger data \
for every bunch crossing.

 Radiation tolerant (logic TMR protected) ===

wm—.vw S —m———
200mV N ‘7/
¢ Three prototypes fabricated and - >- 4.8 Gbps
packaged. Production of 3000 chips to ™ 4 A\
be launched soon. — : "
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NSW ASICs: ART for Micromegas Triggering

L)
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Micromegas utilizes fine strip Ry
; . MM Sector
pitch (0.4 mm) for precision | AR HeB T ] sigger processor ~@— togi
triggering. L [scald
1
The VMM ASIC provides the
. E-LINK \ e
address of first threshold- — acio
. . . Delays -
crossing strip in an event e -, )
Sl e {3E |, ||
The ART ASIC aggregates e I e 38 B ‘ g »
addresses from 32 VMMs and B oo [ 85— 271V 5
choses up to 8 hits to transmit B o (|

T BC CLK (40 MHz)

Main SpeCiﬂcationS: ART CLK (160 MHz)

* Programmable delay ART?2 Silicon Die ART2 Test Packaging

« TTC/BCID counting - s “saul
* Priority-based hit selection i
and data formatting
Two prototypes fabricated.
Packaged chip testing on
trigger board ongoing.

wn n i am
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NSW ASICs: ROC

«* The Readout Controller ASIC is

. .- " : " \FEB ' L1DDC
responsible for providing “services i CKBC, BCR etc. LT Ty [fibe}

. .. | —— | rROC [=—=| e |* »| FELIX
(Trigger, Timing, Control) to YMM|I T o (1 Datd : DAo)
companion ASICs and aggregates =~ l——==er---cooooeooooooor TR
Level-1 data from VMMs.

Ro clk LU
. . . ART clk «— SoftRST, elink
* Main specifications: BC - +— BCR, Loa, | —
— —————
* Distribute LHC 40 MHz clock, LO TL LD BCID.orb. D
accept, soft reset signals to VMM, o
= —»:Ij_,
TDS, ART ASICs 2 ar [T, —
* Decode serialized LO data fromupto 8 3 Ll sroco |—
=1 elinks

VMMs at up in 640 Mbps data rate
e Data buffering and L1 trigger matching

* Programable crossbar to balance
output data links. Up to 8 elinks (up to
320 Mbps) for shifting data out.

¢ Prototype fabricated and packaged.
Systematic testing ongoing.
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NSW On Detector Front-end Boards

s Front-end board will be
populated with VMM, TDS,
ROC ASICs plus two CERN-
developed ASICs (GBT-SCA for
slow control, DC-DC convertor
named as “"FEAST")

% Two types of FEBs (namely
pFEB, sFEB) for sTGC to
readout wires, pads and strips.
One unique type for Micromegas

¢ More than 5000 boards on
NSW. Challenging: Large
number of readout channels with §
mixed (analog and fast digital)
signals. Very complex layout and
routing!
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NSW On Detector Trigger Boards

L)

perform 2 % pad

coincidences; send “ROI" .

together with BCID to
strip-TDS for reading

charge from active strips

% sTGC Pad Trigger Board:

H
jitter 48 MHz E
cleaner clock

% sTGC Router Board: Collect data packets from active TDSs and transmit data to trigger
processor via four optical links. One board per detector layer per sector (256 total)

Router
\ :

AN

Up to 10

Giga-bit Input
Signal conditioning

Liang Guan (Iguan@cern.ch)

Baseline;: Artix-7 Artix -7 FPGA

Fiber Out Switching =
to USA15: =
Repeater

Clock
conditioner

X4

B - Mini-SAS

Backsid
Slow control (Backside)

JTAG  Flash
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NSW On Detector Trigger Boards (Cont'd)

% Micromegas ADDC Board: Host two ART ASICs and transmit data via GBTx
and VTTx (CERN rad. Hard. optical module)

. 40/80/160 MHz

—_ | GBIDATA_ .|
¥ ARTINA ART ASIC 2 N
w BCR 5 \
L
= .
=- FIBER OUT
z ) -
O 40/80/160 MHz /
& “|_GBTDATA /

ART IN——= ART ASIC

BCR . 40 MHz

------ - ADDC Board

¢ Status: prototypes built for all boards. Production version to be launched at
the end of the year
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L1 Data Driver Card (L1DDC)

L1DATA Readout Path
s L1IDDC: Aggregates L1 readout CogTTTTTTTmm ey . uopC
data from FEBs and drive them to m%m- o J,:q e e Bl Y
FELIX via fibers; Also used for | bl (DAQ)
config. & monitoring and TTC ~ —7
distribution
Timing and L1DDC

Timing and

Trigger
Trigger

GBTX

FELIX <«— DAQ
ASIC

DAQ s

/

Bidirectional
fiber

VTRX optical Off detector Slow Control
transceiver

Slow Control

On detector

s CERN GBTx on board: rad. Hard bidirectional
elinks w. programable speed on detector end.

Output is 4.8 Gbps serialized link.

¢ Several types of boards developed: sTGC,
Micromegas, plus RIM L1DDCs (for

communicate with FEBs, sTGC Router and
Pad Trigger Boards)
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Trigger Processor Hardware Platform

s MM & sTGC trigger processor to be .y
implemented on FPGA-based ATCA
Mezzar“ne Ca I’dS — VMM |— f’[:[][)lg Router’ _Triggei'TIi (():cessor ?if;f -
¢ Baseline: adopt ATCA Mezzanine card ADDC -
developed for Scalable Readout System®* —V¥M|—{[ARTHGET]i—] mgger processor

Llscald |\

(SRS) platform

«* 1 Mezzanine card for 1 NSW sector: 2

T i ¢ pr r ATCA Mezzanine Card
FPGAs, one for MM /sTGC trigger processo SRS Platform

% Mezzanine card main specification:

* 32 input fibers (MM /sTGC)
e 14 output fibers @ 6.4 Gbps+

* Fast low latency link between MM
and sTGC processors for lateral
communication

R
25 LVDS
DS

«» 1 ATCA carrier card hosts 2 Mezzanine

cards (NSW sectors) *S. Martoiu, et al., JINST 8.03 (2013): C03015.
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Electronics in Radiation Environment & Integration Efforts

¢ Several campaigns to test TID, SEE of NSW ASICs, Electronics Boards under
radiation environment.

¢ Most recent test at Demokritos: no configuration error, data link corruption
for ROC, VMM, ADDC, L1DDC and Router with integration neutron flux
equivalent to 1 year dose @ Innermost region NSW with L=1x103* cm~s!

L)

NSW Radiation Total lonising Dose and Neutron Flux with E > 20 MeV

oo —— Demokritos 20-24 MeV neutron beam
wo- 2 X101 flem2/yr | -
Q-T.'D. ......................................
g °°:o=.:
i:: 100 :.g".": °
.2 50 : ’.'.'o.-i.:o.
rr=1m )
1%Cl 1310 15‘0 260 _ ZéO 300 3‘50 460
Radius (cm) Bl vww aata decoder wonicor el 55>

L)

L)

» Integration efforts: regular |l
Integration weeks organized

to put various parts together.
Demonstration of data links &
in trigger and readout chain. &

SMA- MiniSAS
Adapter

3m MiniSAS cable
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Conclusions and Outlook

* The New Small Wheel Upgrade is essential for ATLAS to improve the Level-1 trigger
in order to maintain crucial physics program in high luminosity environment.

= A complex trigger and readout electronics system has been designed to achieve precise
on-line muon segment measurements in the forward region of the Muon Spectrometer
to discriminate against high-rate backgrounds.

= Significant efforts have been made in the design and verification of various radiation
tolerant ASICs and electronic boards.

= Radiation tests and integration efforts are ongoing to qualify and realize the full

trigger and readout chain. Progressing rapidly towards the full production of all parts
at the end the year!

Thank you for your attention!
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